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(54) Ink jet recording apparatus 



(57) In an ink jet recording apparatus having two 
head units (232, 233), each having a large number of 
ink nozzles arranged in a line, assembled so that they 
overlap with each other, an 8-shade image signal is 
entered into a correction circuit (41) and a line 
direction position signal is input into a position 
signal decision circuit (42). When the position signal 
decision circuit (42) decides that the position signal 
represents the overlapping zone of the head units, the 
shade level of the image signal is divided between the 
head units (232, 233). For example, when the shade 
level of the image signal is 7, one of the head units 
is allotted the shade level (6) and the other is 
allotted the shade level (1). The overlapping nozzles 
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in a pair eject droplets of ink to form one dot. 
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[0001] The present invention relates to an ink jet recording apparatus which uses an ink jet head having a 
number of ink nozzles arranged and drives the ink jet head via an image signal to cause selectively the ink nozzles 
to eject droplets of ink onto paper for recording. 

[0002] One ink jet recording apparatus is an on-demand ink jet printer. With such a type of ink jet printer, it 
is important to increase the speed of operation. The more ink nozzles in the ink jet head, the faster we can make 
printing. A technique to increase the number of ink nozzles is forming a long ink jet head by combining integrally a 
plurality of head units each having a large number of ink nozzles arranged in a line with the arrangement of the ink 
nozzles in each head unit substantially parallel with that in every other head unit. A line head is formed by making 
the head length equal to the width of recording paper, permitting fast printing. 

[0003] The head unit is composed, as shown in FIG. 29, of a nozzle section 2 provided with a large number of 
ink chambers 1, a body section 4 provided with a common ink chamber 3 for supplying ink to each ink chamber 1, 
and an ink supply pipe 5 for supplying ink to the common ink chamber 3. Causing a volume change to occur in each 
ink chamber 1 allows a droplet of ink to be ejected from a corresponding one of ink nozzles 6, thereby making dot 
printing. The vacant ink chamber 1 is replenished with ink by the common ink chamber 3. 

[0004] Systems for causing a volume change to occur in the ink chambers 1 include piezoelectric control 
systems that make use of deformation of piezoelectric members and heat control systems that make use of heat 
generated by heating elements. The use of such control systems to cause a volume change to occur in each ink 
chamber in an arbitrary fashion allows printing on demand. 

[0005] At the time of ink ejection, the volume change in an ink chamber 1 is also transferred to the common ink 
chamber 3 in the form of a change in pressure. As a result, ink chambers 1 situated at the head ends will be greatly 
affected by the common ink chamber 3 when a number of ink chambers eject ink, so that the volume of ink ejected 
from a certain number of ink chambers situated near and at the head ends increases. 

[0006] In the case of an ink jet head consisting of a single head unit, even if the volume of ink ejected from 
a certain number of ink chambers at the end portions of the head changes and consequently there is some change 
in printing density, the resulting irregularities in density is difficult to notice because the change in printing 
density occurs at the ends of a line of printing. In contrast, in the case of an ink jet head in which a plurality 
of head units are arranged in the direction of their length, the ends of head units adjacent to each other ar 
located midway on a line of printing. The irregularities in the density in those portions will appear noticeably in 
the form of lines. 

[0007] For example, as shown in FIG. 30, when an ink jet head in which head units 7 and 8 are arranged in the 
direction of their length in non-overlapping fashion is driven by an image signal at a fixed level, the volume of ink 
projected from ink nozzles 7a and 8a in the boundary portion between the head units increases, resulting in a sharp 
increase in printing density from dO to d1. This produces noticeable irregularities in printing density in the form 
of a line. 

[0008] It is an object of the present invention to provide an ink jet recording apparatus using an ink jet head 
assembly constructed from a plurality of head units arranged such that every two adjacent head units overlap with 
each other, which allows irregularities in printing density resulting from variations in the volume of ejected ink 
from ending ink nozzles of each head unit to be reduced and irregularities in printing density in line form 
extending in the direction in which a recording medium moves to be reduced. 

[0009] According to the present invention, there is provided an ink jet recordjng apparatus comprising: an ink 
jet head formed from a plurality of head units each having a large number of ink nozzles arranged in a line, th 
head units being arranged such that they are substantially parallel to one another in the direction of arrangement 
of their ink nozzles and, in the direction in which a recordi ng med ium moves, every two adjacent head units overlap 
with each other by a number *Q of ink nozzles Ihdudihg*^ ending ink nozzles that may 

cause a change in printing density; and drive means responsive to an input image signal for driving the ink jet h ad 
to cause selectively the ink nozzles to eject ink onto the recording medium for printing while moving the recording 
medium in a direction perpendicular to the line direction in which the ink nozzles of the respective head units ar 
arranged, the driving means controlling the ink jet head so that one dot is formed by ink ejection from each ink 
nozzle of one head unit in the overlapping zone of the adjacent head units and the corresponding one of the other 
head unit and the ratio in the amount of ejected ink of one to the other of overlapping ink nozzles is made variable 
so that the average printing density in the overlapping zone of the head units varies at a fixed rate. 
[0010] Thus, the present invention allows an ink jet head assembly constructed from a plurality of head units 
arranged in the direction of their length to reduce irregularities in printing density resulting from variations in 
the volume of ejected ink from ending ink nozzles of each head unit. In addition, irregularities in printing density 
in line form extending in the direction in which a recording medium moves can be reduced, thereby further 
improving the 1 recording quality. 

[0011] This summary of the invention does not necessarily describe all necessary features so that the invention 
may also be a sub-combination of these described features. 

[0012] The invention can be mor fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 shows a configuration of an ink jet recording apparatus in accordance with a first mbodiment of the 
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present invention; 

FIG. 2 is a perspective view of an ink jet head assembly used in the first embodiment; 

FIG. 3 shows a positional relationship among ink nozzles of head units of the ink jet head in the first 
5 embodiment; 

FIG. 4 shows the paper feed direction with respect to the ink jet head; 

FIG. 5 shows the arrangement of ink nozzles in the overlapping zone of the head units; 

10 FIG. 6 shows volume of ejected ink versus power application time; 

FIG. 7 shows an example of an input image signal in the first embodiment; 

FIG. 8 shows essential circuit components in the first embodiment; 

FIG. 9 shows the arrangement of the correction circuit of FIG. 8; 

FIG. 10 shows the contents of the lookup table in the correction circuit of FIG. 9; 

FIG. 11 shows variations in printing density in the ink nozzle overlapping zone of the head units; 

FIGS. 12A and 12B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink nozzles after correction; 

FIG. 13 shows essential circuit components in a first embodiment of the second embodiment; 
?5 FIG. 14 shows the arrangement of the correction circuit of FIG. 13; 

FIGS. 15A, 15B and 15C show the contents of tables in the lookup table of FIG. 14; 

FIGS. 16A and 16B show the arrangement of ink nozzles of the, overlapping head units and shade levels printed 
JO by the respective ink nozzles after correction in the second embodiment; 

FIG. 17 shows the arrangement of ink nozzles in the overlapping zone of the head units in accordance with a 
third embodiment of the present invention; 

FIG. 18 shows essential circuit components in the third embodiment; - 
FIG. 19 shows the arrangement of the correction circuit of FIG. 18; 
FIG. 20 shows the contents of the lookup table in the correction circuit of FIG. 19; 

FIG. 21 shows variations in printing density in the ink nozzle overlapping zone of the head units in the third 
embodiment; 

FIGS. 22A and 22B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink nozzles after correction in the third embodiment; 

15 FIG. 23 shows the arrangement of ink nozzles in the overlapping zone of the head units in accordance with a 

fourth embodiment of the present invention; 

FIG. 24 shows essential circuit components in the fourth embodiment; 
FIG. 25 shows the arrangement of the correction circuit of FIG. 24; 

FIGS. 26A. 26B and 26C show the contents of tables making up the lookup table in the correction circuit of FIG. 
25; 

FIGS. 27A, 27B and 27C show variations in printing density in the ink nozzle overlapping zone of the head 
units; 

FIGS. 28A and 28B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink nozzles after correction; 
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FIG. 29 is a cross-sectional view of an ink jet head unit; and 

FIG. 30 is a diagram for use in explanation of problems associated with a conventional technique. 

ac^ embodiments of the present invention will be described in detail with reference to the 

[First Embodiment] 

[0014] In FIG 1 there is illustrated the configuration of the entire ink jet recording aDDaratus in whi^h . 
drum 12 is provided in a container 11 that rotates at a fixed circumferential SDeedfo a dirXn 25 ? ^ a 
arrow to take up recording paper 15 fed through rollers 13 and 1 < 4 rcumTerent,al 8 P eed ,n a d,rec »'°n indicated by an 

[0015] A paper feed cassette 16 is provided at the bottom of the container 11 Sheets of record!™ M », a ™ 
placed on a plate 17 of the cassette and fed. one at a time, to the rollers 13 and 14 by a ro leM In S ^ 

[0016] An electrification roller 22 is positioned to be opposed to the drum 15 whirh *m™« m, 

"wmimmmmm 
Immmmmm 

40 Th*'tL*«Z h ?J inJ y 12 iS equ . ip P e 5 with a separation claw that release the recording paper from the drum surfac 

18 .S Itan^JSV^l 2 ST* a „ Shee J ?' ~»»*« P^P" 1= "*•" OU1 of the feed cass.ll. 16 bv tt» roto, 
50 II™ dL,te„ W rj^[- O h te ,?i , 1 0 t ,h8 "I 1 "" 1 A th ? ™ Mrtln ° pa '*' 15 "» aMd 1 "» direction y pwpmfcutar t. th. 
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units) is shown enlarged. The head units 232 and 233 overlap with each other by six ink nozzles. Of six ink nozzles 
a, b, c, d, e, and f at on end of the head unit 232 (corresponding to the Q number of ink nozzles), three endmost 
nozzles d t e, and f correspond to the P number of ink nozzles that may produce a change in density. Likewise, f 
six ink nozzles f f e, d, c, b, and a at one end of the head unit 233 (corresponding to the Q number of endmost ink 
nozzles), three endmost nozzles f, e, and d correspond to the P number of ink nozzles that may produce a change 
in density. 

[0025] As shown in FIG. 6, the volume of ejected ink from each ink nozzle of the head units 231, 232 and 233 
can be varied by varying the time t that the power is applied to the corresponding ink chamber. The time interval 
from t1 to t2 during which the volume of ejected ink is proportional to the power application time is divided int 
seven equal time periods to obtain the smallest period of time as a unit and then the power application time is 
varied from t1 to t2 in units of the smallest period of time. This provides printing control at shade levels of 1 to 
7. The inclusion of the shade level 0 involving no ink ejection allows printing control at 8 shade levels. The 
pseudo-halftoning of an input image signal can provide an image signal adapted for printing at shade levels of 0 to 
7. 

[0026] FIG. 7 shows an example of an input image signal for printing at the shade level 7 applied to 18 ink 
nozzles including the six ink nozzles in the overlapping zone of the head units 232 and 233. The six seventh to 
twelfth ink nozzles in the central portion correspond to the ink nozzles a, b, c, d, e, f of the head unit 232 and 
the ink nozzles f, e, d, c, b, a of the head unit 233. 

[0027] For printing at the shade level 7, assume that the ink nozzles a, b, c, d, e, f of the head unit 232 are 
set to printing at the shade level 7 and the ink nozzles f, e, d, c, b, a of the head unit 233 are set to printing 
at the shade level 0. Then, there arises the possibility that the three ending ink nozzles d, e, f of the head unit 
232 may produce a sharp increase in printing density. In such case, irregularities in density will appear in th 
form of stripe in the y direction perpendicular to the line direction x. Conversely, even if the ink nozzles a, b ( c, 
d, e, f of the head unit 232 are set to printing at the shade level 0 and the ink nozzles f, e, d, c, b, a of the 
head unit 233 are set to printing at the shade level 7, there also arises the possibility that the three ending ink 
nozzles f, e, d of the head unit 233 may produce a sharp increase in printing density. In this case as well, 
irregularities in density will likewise appear in the form of stripe in the y direction. 

[0028] In view of these problems, the embodiment makes a decision of whether an input image signal adapted 
for eight shades is directed to the ink nozzles a through f in the overlapping zone of the head units 232 and 233 
and, if so, distributes that input image signal to the head units 232 and 233 so that each of the ink nozzles a 
through f of the head unit 232 and the corresponding one of the ink nozzles f through a of the head unit 233, i.e., 
each pair of overlapping ink nozzles, form one dot. Each of the ink nozzles other than the overlapping ink nozzles a 
through f is individually controlled by the image signal as hitherto. 

[0029] FIG. 8 is a block diagram of a control circuit that implements such shading control. An 8-shade image 
signal is applied to a correction circuit 41 and a position signal representing the position in the line direction x 
is applied to a position signal decision circuit 42. The position signal decision circuit makes a decision of 
whether the input position signal represents the overlapping zone of the head units 232 and 233 and applies a 
control signal to the correction circuit 41. 

[0030] The correction circuit 41 is composed, as shown in FIG. 9, of a lookup table (LUT) 41, a first switch 
circuit 412 that is used when no shading control is performed, and a second switch circuit 413 that is used when 
shading control is performed. As shown in FIG. 10, the lookup table 411 stores information representing how an 
input shade level ranging from 0 to 7 is converted to an output shade level for each of the overlapping ink nozzles 
a, b, c, d, e, and f of the head units 232 and 233. 

[0031] The first switch circuit 412 is of a change-over switch type and controlled by the control signal from 
the position signal decision circuit 42. When the position signal decision circuit decides that the position signal 
represents other positions than the overlapping zone, the first switch circuit applies the image signal to either a 
first shift register corresponding to the head unit 232 or a second shift register 44 corresponding to the head unit 
233. On the other hand, when the position signal decision circuit decides that the position signal represents the 
overlapping zone, the first switch circuit is placed to the OFF position by the control signal. 

[0032] The second switch circuit 413 comprises two single-pole single-throw type ganged switches which are 
simultaneously turned ON or OFF by the control signal from the position signal decision circuit 42. When the 
position signal decision circuit decides that the position signal represents other positions than the overlapping 
nozzle, the second switch circuit is turned OFF. On the other hand, when the position signal decision circuit 
decides that the position signal represents the overlapping zone, the second switch circuit is turned ON by the 
control signal to thereby apply first and second outputs of the lookup table 411 to the first and second shift 
registers 43 and 44, respectively. 

[0033] The output of the first shift register 43 is applied to a first driver circuit 45 which drives the head 
unit 232. The output of the second shift register 44 is applied to a second driver circuit 46 to drive the head unit 
232. 

[0034] In such a configuration, suppose that an image signal at the shade level 7 is applied through 18 
successive lines to a total of 18 ink nozzles including and centered at the six ink nozzles a through f in the 
overlapping zone of the head units 232 and 233. The 18 ink nozzles are described as the first through eighteenth 
ink nozzles. 

[0035] First, on the first line, using the first through the sixth ink nozzle the head unit 232 alone makes 
printing. In this case, the first switch circuit 412 is operated by the control signal from the position signal 
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decision circuit 42 to send an 8-shade image signal to the first shift register 43, while the second switch circuit 
413 is turned OFF. At this time, therefore, the image signal passes through the correction circuit 41 as it is and 
then enters the first shift register 43. 

[0036] For the seventh through the twelfth ink nozzle, the head units 232 and 233 overlap with each other in 
the paper feed direction y. In the overlapping zone, ink ejection from the head unit 232 and ink ejection from the 
head unit 233 are combined to form one dot; thus, the first switch circuits 412 and 413 are turned OFF and ON 
respectively, by the control signal from the position signal decision circuit 42. In this case, the image signal is 
distributed between the head units 232 and 233 through the use of the lookup table 41 1 . 

[0037] When the 8-shade image signal corresponds to the ink nozzle a of the head unit 232 and the ink nozzle 
f of the head unit 233, the first output of the lookup table is applied to the first shift register 43 as an image 
signal at the shade level 6 and the second output of the lookup table is applied to the second shift register 44 as 
an image signal at the shade level 1. 

[0038] Likewise, when the 8-shade image signal corresponds to the ink nozzle b of the head unit 232 and the 
ink nozzle e of the head unit 233, the first output of the lookup table is applied to the first shift register 43 as 
an image signal at the shade level 5 and the second output of the lookup table is applied to the second shift 
register 44 as an image signal at the shade level 2. 

[0039] When the 8-shade irriage signal corresponds to the ink nozzle c of the head unit 232 and the ink nozzle 
d of the head unit 233, the lookup table first output is applied to the first shift register 43 as an image signal at 
the shade level 4 and the second output is applied to the second shift register 44 as an image signal at the shade 
level 3. When the 8-shade image signal corresponds to the ink nozzle d of the head unit 232 and the ink nozzle c of 
the head unit 233, the first output is applied to the first shift register 43 as an image signal at the shade level 
3 and the second output is applied to the second shift register 44 as an image signal at the shade level 4. 
[0040] When the 8-shade image signal corresponds to the ink nozzle e of the head unit 232 and the ink nozzle 
b of the head unit 233, the first output of the lookup table is applied to the first shift register 43 as an image 
signal at the shade level 2 and the second output of the lookup table is applied to the second shift register 44 as 
an image signal at the shade level 5. When the 8-shade image signal corresponds to the ink nozzle f of the head 
unit 232 and the ink nozzle a of the head unit 233, the first output of the lookup table is applied to the first 
shift register 43 as an image signal at the shade level 1 and the second output of the lookup table is applied to 
the second shift register 44 as an image signal at the shade level 6. 

[0041] For the thirteenth through the eighteenth ink nozzle, the head unit 233 makes printing by itself. In 
this case, the first switch circuit 412 is switched by the control signal from the position signal decision circuit 
42 to send the 8-shade image signal to the second shift register 44, while the second switch circuit 413 is turn d 
OFF. At this time, therefore, the image signal passes through the correction circuit 41 as it is and then enters th 
second shift register 44. 

[0042] In this manner, when the image signal for the first line has been fed into the first and second shift 
registers 43 and 44, the first and second driver circuits 45 and 46 drive the head units 232 and 233, respectively 
thereby allowing ink to be ejected from each ink nozzle. Of course, since the head units 232 and 233 are offset with 
respect to each other in the y direction, the timing of ink ejection is adjusted so that printing is made as a line. 
Upon termination of printing of the first line, the same processing is performed for the second line and th n 
repeated until the eighteenth line is completed. 

[0043] FIG. 12 shows the distribution of shades between the head units 232 and 233 for the first through the 
eighteenth ink nozzle on the first through the eighteenth line. For the first through the sixth ink nozzle the 
shade distribution between the head units 232 and 233 is (7, 0) for all the 18 lines, indicating that the head unit 
232 makes printing by itself. 

[0044] For the seventh ink nozzle, the shade distribution is (6, 1) for all the 18 lines, indicating that 
printing at the shade lerel 6 by the Head unit 232 and printing aPthe shafle level 1 by the head unit 233 are 
combined to form one dot. For the eighth ink nozzle, the shade distribution is (5, 2) for all the 18 lines 
indicating that printing at the shade level 5 by the head unit 232 and printing at the shade level 2 by the head 
unit 233 are combined to form one dot. For the ninth ink nozzle, the shade distribution \s (4, 3) for all the 18 
lines, indicating that printing at the shade level 4 by the head unit 232 and printing at the shade level 3 by the 
head unit 233 are combined to form one dot. 

[0045] For the tenth ink nozzle, the shade distribution between the head units is (3, 4) for all the 18 lin s 
indicating that printing at the shade level 3 by the head unit 232 and printing at the shade level 4 by the head 
unit 233 are combined to form one dot. For the eleventh ink nozzle, the shade condition is (2, 5) for all the 18 
lines, indicating that printing at the shade level 2 by the head unit 232 and printing at the shade level 5 by the head 
unit 233 are combined to form one dot. For the twelfth ink nozzle, the shade distribution is (1, 6) for all the 18 
lines, indicating that printing at the shade level 1 by the head unit 232 and printing at the shade level 6 by the 
head unit 233 are combined to form one dot. 

[0046] For the thirteenth through the eighteenth ink nozzle, the shade distribution between the head units is 
(0, 7) for all the 18 lines, indicating that the head unit 233 makes printing by itself. 

[0047] Such printing control allows the printing density in the overlapping zone of the h ad units 232 and 233 
to incr as gradually with a small variation width f dO to d2 and then d creas gradually with th same variation 
width as shown in FIG. 11. Mor over, d3, the maximum change fr m dO, is also small in comparison with th 
conventional change d1 shown in FIG. 30. That is, the endmost ink nozzle f of each of the head units 232 and 233 
that is the most greatly affected by the change in the volume of j cted ink is s t to th shade level 1 i e to 
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eject the smallest amount of ink. On the other hand, the ink nozzle a that forms a dot together with the ink nozzle 
f and has little variation in the volume of ejected ink is set to the shade level 6 so that the whole density 
becomes the shade level 7. Thus, the change in printing density can be minimized. The ink nozzles e and d of the 
head units 232 and 233 that may be affected by the change in the volume of ejected ink are set to the shade levels 
2 and 3, respectively, while their respective corresponding ink nozzles b and c that have little variation in the 
volume of ejected ink are set to the shade levels 5 and 4, respectively. In this case as well, the whole density is 
set to the shade level 7, thus minimizing the change in printing density. 

[0048] Thus, the change in printing density at the ends of the head units can be reduced by making the amount 
of ejected ink variable so that, in the ink nozzles a through f of the head units 232 and 233 that overlap in the 
direction y perpendicular to the line direction x, the nearer the ink nozzle is to the head unit end, the smaller 
the amount of ink it ejects. Thereby, the irregularities in density can be reduced and the recording quality can b 
improved overall. 

[0049] Although the reduction of irregularities in density in the overlapping zone of the head units 232 and 
233 was described here, it goes without saying that exactly the same image signal processing can be applied to the 
overlapping zone of the head units 231 and 232 to reduce irregularities in density. 

[Second Embodiment] 

[0050] This embodiment will also be described taking, by way of example, ink ejection control for 18 ink 
nozzles including and centered at six ink nozzles in the overlapping zone of the head units 232 and 233. Lik 
reference numerals are used to denote the corresponding parts to those in the first embodiment and the differences 
from the first embodiment will be described. 

[0051] As shown in FIG. 13, an 8-shade image signal and a paper feed direction (y) position signal are applied 
to a correction circuit 51 and a line direction (x) position signal is applied to the position signal decision circuit 42. 
[0052] The correction circuit 51 consists, as shown in FIG. 14, of a lookup table (LUT) 511, a first switch 
circuit 512 which is used when no shade control is performed, and a second switch circuit 513 which is used when 
the shade control is used. The lookup table 511 is comprised, as shown in FIGS. 15A, 15B and 15C, of three tables 
511a, 511b and 511c each of which stores information representing how an input shade level in the range from 0 to 
7 is converted to an output shade level for each of the overlapping ink nozzles a, b, c, d, e, and f of the head 
units 232 and 233. 

[0053] The table 511a shown in FIG. 15A is selected when the position y(p) in the paper feed direction y that 
the input paper feed direction position signal specifies is y(p) = 3n-2(n = 1, 2, 3, ...), that is, when the 
position signal specifies the first line, the fourth line, the seventh" line, .... The table 511b shown in FIG. 15B 
is selected when y(p) = 3n - 1 , that is, when the position signal specifies the second line, the fifth line, the 
eighth line, .... The table 511c shown in FIG. 15C is selected when y(p) = 3n, that is, when the position signal 
specifies the third line, the sixth line, the ninth line 

[0054] Like the previously described first switch circuit 412, the first switch circuit 512 is of a change-over 
switch type and controlled by the control signal from the position signal decision circuit 42. When the position 
signal decision circuit decides that the position signal represents other positions than the overlapping zone, the 
first switch circuit applies the 8-shade image signal to either the first shift register 43 corresponding to th 
head unit 232 or a second shift register 44 corresponding to the head unit 233. On the other hand, when th 
position signal decision circuit decides that the position signal represents the overlapping zone, the first switch 
circuit is placed to the OFF position by the control signal. 

[0055] Like the previously described second switch circuit 413, the second switch circuit 513 comprises tw 
single-pole single-throw type ganged switches which are simultaneously turned ON or OFF by the control signal 
from the position signal decision circuit 42. When the position signal decision circuit decides that the position 
signal represents other positions than the overlapping zone, the second switch circuit is turned OFF. On the other 
hand, when the position signal decision circuit decides that the position signal represents the overlapping zone, 
the second switch circuit is turned ON by the control signal to thereby apply first and second outputs of the lookup 
table 51 1 to the first and second shift registers 43 and 44, respectively. 

[0056] In such a configuration, suppose that an image signal at the shade level 7 is applied through 18 
successive lines to a total of 18 ink nozzles including and centered at the six ink nozzles a through f in the 
overlapping zone of the head units 232 and 233. The 18 ink nozzles are described as the first through eighteenth 
ink nozzles. 

[0057] First, on the first line, using the first through the sixth ink nozzle the head unit 232 alone makes 
printing. In this case, the first switch circuit 512 is operated by the control signal from the position signal 
decision circuit 42 to send an 8-shade image signal to the first shift register 43, while the second switch circuit 
413 is turned OFF. At this time, therefore, the image signal passes through the correction circuit 51 as it is and 
then enters the first shift register 43. 

[0058] For the seventh through the twelfth ink nozzle, the head units 232 and 233 overlap with each other in 
the paper feed direction y. In the overlapping zone, ink ejection from the head unit 232 and ink ejection from the 
head unit 233 are combined to form one dot; thus, the first switch circuits 412 and 413 are turned OFF and ON, 
respectively, by the control signal from the position signal decision circuit 42. In this case, the image signal is 
distributed between the head units 232 and 233 through the use of the lookup table 511. Which table to use for 
image signal distribution is determined by the paper feed direction position signal. 



Impnme de Mimosa 



EP 0 968 832 A1 

[0059] The table 511a is selected in printing the first line. In this case, when the image signal corresponds to 
the ink nozzles a, b and c of th head unit 232 and the ink nozzles f, e and d of the head unit 233 the first 
output for the ink nozzles a, b and c of the head unit 232 is applied to the first shift register 43 as an image 
signal at the shade level 6. while the second output for the ink nozzles f, e and d of the head unit 233 is aDolied 
to the second shift register 44 as an image signal at the shade level 1. 
* [0060] When the image signal corresponds to the ink nozzles d, e and f of the head unit 232 and the ink 
nozzles c. b and a of the head unit 233, the first output for the ink nozzles d. e and f of the head unit 232 is 
applied to the first shift register 43 as an image signal at the shade level 1. while the second output for the ink 

lev?!* °' 8 head Unit 233 ' S aPPl ' ed t0 thS SeC ° nd Shift regis,er 44 as an ima 9 e signal at the shade 
10 [0061] For the thirteenth through the eighteenth ink nozzle, the head unit 233 makes printing by itself In 
IS^f^ 1 !? f i rs ' swit< = h circui ? 51 , 2 . is switched by the control signal from the position signal decision circuit 
!f?5 tn . e ^shade image s«nal to the second shift register 44, while the second switch circuit 413 is turned 
OFF. At this time, therefore, the image signal passes through the correction circuit 41 as it is and then enters the 
second shift register 44. 

K°? 21 ^. Wnen the ima9e signal for the f[rst line has been fed int0 the firs t and second shift registers 43 and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and 233. respectively 
thereby allowing ink to be ejected from each ink nozzle. Of course, since the head units 232 and 233 are offset with 
respect to each other in the y direction, the timing of ink ejection is adjusted so that printing is made as a line 
[0063] For the first through the sixth ink nozzle, the head unit 232 makes printing by itself Thus the 
processing for the second line and later remains unchanged from that for the first line. For the thirteenth through 
20 . the eighteenth , n k nozzle, on the other hand, the head unit 233 makes printing by itself. Thus, in this case as well 
the processing for the second line and later remains unchanged from that for the first line 

K? 0 ? 41 , . 1? w !! er : for tne seventh through the twelfth ink nozzle, the processing varies with each line because 
the lookup table 51 1 is used. 

[0065] In printing the second line, the table 511b is selected. In this case, the first output for the ink 

St S \? !" d C ° f ^ "f ad 4 V nit 232 is applied t0 the first shift reaister 43 as an image signal at the shade 
25 level 5, while the second output for the ink nozzles f, e and d of the head unit 233 is applied to the second shift 
register 44 as an image signal at the shade level 2. 1 
[0066J In addition, the first output for the ink nozzles d, e and f of the head unit 232 is applied to the 
22 f ?>L e9 F te L 43 -. a ^ an 'mage signal at the shade level 2. while the second output for the ink nozzles c. b 
and a of the head unit 233 is applied to the second shift register 44 as an image signal at the shade level 5 
30 100671 J" P nntln 9 the third ''"a. the table 511c is selected. In this case, the first output for the ink 

3 " C ° f head * nit 232 is applied t0 the first snift re 9 ist er 43 as an image signal at the shad 
level 4, while the second output for the ink nozzles f. e and d of the head unit 233 is applied to the second shift 
register 44 as an image signal at the shade level 3. TO snm 

| 0068 L .'n addition, the first output for the ink nozzles d. e and f of the head unit 232 is applied to th 
first shift agister 43 as an image signal at the shade level 3, while the second output for the ink nozzles c b and a 

3S of the head unit 233 is applied to the second shift register 44 as an image signal at the shade level 4 

[0069] Thus, in printing the (3n-2)nd line, the shade distribution between the head units 232 and 233 is 
^nl^hf a K C 2 rd !? 9 . , K d . a,a !" I he tab !f 5 J 1a for ,ne seventh throuan tne twelfth ink nozzle. In printing the (3n-1) 
fn f »t£ ? £' S . nbU I 0 " t fT B I! "•!. he ad "nits 232 and 233 is performed according to data in the table 51 1b 

E tte taSL^ ^"EtoteTtatTi^T^l 3 StnbUtl0n between the head uni,s 232 and 233 is Performed according to data 

-w J0070] FIG. 16 shows the distribution of shades between the head units 232 and 233 for the first through th 
S^^w^^T 6 * ^ «rst through the eighfeenVh line. For the first through the sixth ink nozT h 

SVffSX^teS " 232 and 233 iS (7 ' 0) f ° r a " the 18 ,ines indica,in a that tha haad " nit 

ES^J- .J? •ns^eventh through the ninth ink nozzle, the shade distribution is (6; 1) on the (3n-2)nd line 
SSS^i ^hiTJ 101 . 18 !°!i m w d t u y 3 combination of printing at the shade level 6 by the head unit 232 and 
t£2 JJT shade ' eve ' 1 by .the head unit 233. On the (3n-1)st line, the distribution is (5. 2). indicating 
lh arf « iLl° W 0 IT 6 ! V c ?rnb'nation of printing at the shade level 5 by the head unit 232 and printing at tte 
shade level 2 by the head unit 233. On the 3n-th line, the distribution is (4, 3), indicating that one dot b formed 

Snit 23°3 m P " 9 a< th8 SnadS ,6Vel 4 by ,he head Unit 232 and printin 9 at the sted^ level 3 bylhe held 

ESS 72 !- .u^ 0r the tenth through the twelfth ink nozzle, the shade distribution is (1. 6) on the <3n-2)nd lin 
orS"?,, T^ 0 ' V?rt b l a combina ti°" of printing at the shade level 1 by he head unit 232 and 
one^o^ fo^ h f Sad ^ nit 23 l 0n the (3n - 1 ) st line - the d istribution is (2. 5). indicating that 

te£l I bv th« hi^.foi? ^ ,n ^ tl0 ?K 0f at the shade level 2 bv the he ad unit 232 and printing at the shade 

clmbina^n rfSn^ I, 233- PVT 3 ^J' n 1 ,he dis tribution is (3. 4). indicating that one dot is formed by a 
comb.nat.on of printing at the shade level 3 by th head unit 232 and printing at the shade level 4 by the head unit 

&9 73 =Li 0 .f u f ch Printing control allows the change in printing density in the overlapping zone of th head units 
fii u made smaller in the lin direction x than in the conventional technique as with the first 
mbod.ment. Mor ov r, ,n the paper f ed dir ction y as w II, a d Heat change in density can b produced Thus 
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irregularities in density in the form of line that extend in the paper f ed direction becomes difficult to b 
recognized by human eyes, improving the recording quality. 

[00741 Although the reduction of irregularities in density in the overlapping zone of the head units 232 and 
233 was described here, it goes without saying that exactly the same image signal processing can be applied to the 
overlapping zone of the head units 231 and 232 to reduce irregularities in density. Further, although the second 
* embodiment was described as the lookup table comprising three tables selectively used for the (3n-2)nd line, the 
(3n-1)st line, and the 3n-th line, this is not restrictive. The values in these tables are not restrictive, erther. 

[Third Embodiment] 

[0075] This embodiment will be described in terms of printing control at 16 shade levels. In this embodiment as 
10 well the overall configuration of the ink jet recording apparatus remains unchanged from that shown in FIG. 1. 

[00761 In this ink jet recording apparatus, the time interval during which the volume of ejected ink 
is Drooortional to the power application time is divided into 15 equal time periods to obtain the smallest period of 
ime as a unit and then the power application time is varied in units of the smallest period of time. This provides 
printing control at shade levels of 1 to 15. The inclusion of shade level 0 with no ink ejection allows printing 
control at 16 shade levels. The pseudo-halftoning of an input image signal can provide an image signal adapted for 
printing control at 16 shade levels from 0 to 15. 

[00771 In FIG 17 the overlapping zone of the head units 232 and 233 is shown enlarged. The head units 232 
and 233 overlap with each other by eight ink nozzles. Of eight ink nozzles a. b. c, d e. f. g. and h at one end f 
the head unit 232 (corresponding to the Q number of ink nozzles), four endmost nozzles e. f, g and h correspond 
o the P number of ink nozzles that may produce a change in density. Likewise, of eight ink nozztes h g. f. e d, c 
b and a at one end of the head unit 233 (corresponding to the Q number of endmost ink nozzles) four endmost 
nozzles h g f, and e correspond to the P number of ink nozzles that may produce a change in density. 
[00781 ' The embodiment makes a decision of whether an input 16-shade image signal corresponds to the ink 
nozzles a throuah h in the overlapping zone of the head units 232 and 233 and, if so, distributes that input imag 
Sffo the head units 232 and 233 so that each of the ink nozzles a through h of the head unit 232 and h 
corresponding one of the ink nozzles h through a of the head unit 233 eject ink to form one dot. Each of the ink *» 
25 nozzles other than the overlapping ink nozzles is individually controlled by the image signal as hitherto. m 
[00791 FIG 18 is a block diagram of a control circuit that implements such control. A 16-shade image signal is 
aDDlied to a correction circuit 61 and a line direction (x) position signal is applied to the position signal decision .*» 
rirourt 42 The iSsition signal decision circuit makes a decision of whether the input position signal represents ~4 
the overlapping zone of the head units 232 and 233 and applies a control signal to the correction circuit 61. *r 
30 foSsO] The correction circuit 61 is composed, as shown in FIG. 19. of a lookup table (LUT) 61 1a first swrtch , / 

circuit 612 that is used when no shading control is performed, and a second swrtch circuit 613 that is used when ^ 
shading control is performed. As shown in FIG. 20, the lookup table 611 stores information representing how an ^ 
input shade in the renge from 0 to 1 5 is converted to an output shade for each of the overlapping ink nozzles a b 
mpui snaoe in i ^ ^ ^ ^ ^ ^ ^ shgde ^ js determined f m the amounts of ejected 

ink 'of the respective ink nozzles a through h including the four ending ink nozzles e, f. g, and h of each of the 
35 head units 232 and 233 that may produce a change in printing density, which are found in advance. 

[00811 The first switch circuit 612 is of a change-over switch type and controlled by the control signal from / r : > 

the position signal decision circuit 42. When the position signal decision circuit decides that the position signal 
represents other positions than the overlapping zone, the first switch circuit applies the 16-shade image signal to 
erther the first shift register 43 corresponding to the head unit 232 or the second shift register 44 corresponding 
to the head unit 233. On the other hand, when the position signal decision circuit decides that the position signal 
represents the overlapping zone, the first switch circuit is placed to the OFF position by the control signal. 
[00821 The second switch circuit 613 comprises two single-pole single-throw type ganged switches which 
are simultaneously turned ON or OFF by the control signal from the position signal decision circuit 42. When the 
position signal decision circuit decides that the position signal represents other positions than the overlapping 
zone the second switch circuit is turned OFF. On the other hand, when the position signal decision circuit decides 
that the position signal represents the overlapping zone, the second switch circuit is turned ON I by the control 
signal to thereby apply first and second outputs of the lookup table 611 to the first and second shift registers 43 
dnd 44 respectively. 

[0083]' The output of the first shift register 43 is applied to the first driver circuit 45, which, in turn, 
drives the head unit 232. The output of the second shift register 44 is applied to the second driver circuit 46, 

which, in turn, drives the head unit 232. . 

50 [0084] In such a configuration, suppose that an image signal at the shade level 15 is applied through 20 
successive lines to a total of 20 ink nozzles including and centered at the eight ink nozzles a through h in the 
overlapping zone of the head units 232 and 233. The 20 ink nozzles are described as the first through twentieth ink 

ro085] S First, on th first line, using the first through the sixth ink nozzle the head unit 232 alone makes 
printing. In this case, the first switch circuit 612 is operated by the control signal from the position signal 
decision circuit 42 to send a 16-shade image signal to the first shift register 43. while the second switch circuit 
613 is turn d OFF. At this time, therefore, the input image signal passes through the correction circuit 61 as it is 
and then enters the first shift regist r 43. 
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n°!SfLn a ^° r ^ Se r enth l !? r0 u 9h lhe fourteenth in k nozzle, the head units 232 and 233 overlap with each other 
ph.T/^ d ' reC, ? n £ " l he overla PP in 9 2 °ne. ink ejection from the head unit 232 and ink ejection from the 
head unit 233 ar combined to form one dot; thus, the first switch circuits 612 and 613 are turned ofp I^Um 
respectively, by the control signal from the position signal decision circuit 42 In this case the Sl?^ 

' ,maSe S ' 9nal ,S 

frsLa raa^ <g- srsrs-jy: L n t n is^ it's a 232 r 2 

^^^T^^ZI^^^ output for the in ™ f JtfS 

[0089] Likewise, when the 16-shade image signal corresponds to the ink nozzle c of the head unit ->-v> ^ 

25 Sk nozzle b 5 ft 'AST STftiE? 8 * W Corr< f s ? ndS ! ° ,he ink n02zte » of the head »* 232 and the 

£ 0 fn!his manner ThVEs? ^nT*' ** ' ine " aS been fed into the and second shi « registers 43 and 

232 makes prin«n?at the Sade level llby"tse? ° 5 ' ° } f0r a " ° f ,he 18 ,in6S ' indicatin 9 that the nead ""it 
all of the 20 lines, indicating thai one totZf^nL* t " 02 ? *' - ,n ? snade distrib "«°n * (14, 1) for 

i^'^l^ of prin,ins a * 

indica ing that oTdoMs V^T^l^ ^ f*** dis,ribUtion is < 2 ' 12 > for a » - 'he 20 lines, 
printing it the stadetevel 1 2 T?the heSuSh^S l^'" 9 a il h - 2 b V the nead unit 232 and 

55 for all of the 20 lines ind icatino thaf „™ 1^ i2 f ? r ' he twelft . n ,nk no22le - ,he shade distribution is (1. 14) 
head unit 232 ! aiS^rtiino 'a the shade lev , ii W ^ a J^natton of printing at the shade lev I 1 by the 
distribution is (2. 12) fa alf of Tto 2?ll5L iJJirM »h , ""I 233 " f 0r ,ne tn ' rt eenth ink nozzJe. the shad 
the shade ,ev f 2 byihe ^^^^T^^ f 2 ^^2^^ fa^nfh' 
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ink nozzl , the shad distribution is (1, 14) for all of the 20 lines, indicating that one dot is formed by a 
combination of printing at the shade level 1 by the head unit 232 and printing at the shade level 14 by the head 
unit 233. 

[0097] Moreover, for the fifteenth through the twentieth ink nozzle, the shade distribution is (0, 15) for all 
of the 20 lines, indicating that the head unit 233 makes printing at the shade level 1 5 by itself. 
[0098] Such printing control allows the printing density in the overlapping zone of the head units 232 and 233 
to change in such a way. as shown in FIG. 21, as to increase from dO to d2. then decrease to d2' to cancel out the 
increase, increase again to d2, and then decrease to d2\ That is. an increase and a decrease in printing density 
alternate so that the average density becomes constant. 

[0099] In addition, the maximum variation from dO to d2 becomes smaller than the variation from dO to d1 in 
the conventional technique shown in FIG. 30. That is, the endmost ink nozzle h of each of the head units 232 
and 233 which is most greatly affected by the change of the volume of ejected ink, is set to the shade level 1 
which involves the smallest amount of ink, while the ink nozzle a of the other head unit, which has little variation 
in the volume of ejected ink and is combined with that endmost ink nozzle h to form one dot, is set to the shade 
level 14. This results in the shade level 15. Thus, the incremental change d2 can be minimized. Further, in order to 
keep the average density constant, it is required to decrease the amount of ejected ink so that the increment d2 is 
canceled out To this end. the shade level of one dot formed by the corresponding ink nozzles b and g of the head 
units 232 and 233 is reduced by one level to shade level 14. Such shade distribution between ink nozzles as allows 
the increment d2 and the decrement d2* to become equal to each other is determined in advance. 
[0100] Likewise, the ink nozzle f of each of the head units 232 and 233 is set to the shade level 1, while th 
ink nozzle c of the other head unit, which is combined with that ink nozzle f to form one dot, is set to the shade 
level 14 This results in the shade level 15. Thus, the resulting incremental change d2 can also be minimized. 
Further 'in order to cancel out the increment d2 so that the average density is kept constant, the shade level of 
one dot formed by the corresponding ink nozzles d and e of the head units 232 and 233 is reduced by one level to 
shade level 14. In this case as well, in order to allow the increment d2 and the decrement d2* to become equal to 
each other, shade distribution between ink nozzles is determined in advance. 

[0101] Thus, in the overlapping zone of the head units 232 and 233, an increase in the printing density of one 
dot formed by the ink nozzles a and h of the head units is minimized, and the density of one dot formed by the ink 
nozzles b and g of the head units is reduced to cancel out the incremental change in density, thus, the average 
density can be kept constant. Likewise, the amount of ejected ink from the ink nozzles c and f of the head units 232 
and 233 increases, while the amount of ejected ink from the ink nozzles d and e of the head units 232 and 233 
decreases, allowing the average density to be kept constant. 

[0102] Thus, since the average density in the overlapping zone of the head units 232 and 233 and the average 
density in the non-overlapping zone can be made substantially equal to each other, the irregularities in density can 
be reduced and the recording quality can be improved. 

[0103] Although the reduction of irregularities in density in the overlapping zone of the head units 232 and 
233 was described here, it goes without saying that exactly the same image signal processing can be applied to th 
overlapping zone of the head units 231 and 232 to reduce irregularities in density. 

■ *. 

[Fourth Embodiment] *; 

[0104] This embodiment will be described in terms of printing control at 16 shade levels. In this embodiment as 
well, the overall configuration of the ink jet recording apparatus remains unchanged from that shown in FIG. 1. 
[0105] In this ink jet recording apparatus, the time interval during which the volume of ejected ink is 
proportional to the power application time is divided into 15 equal time periods to obtain the smallest period of 
time as a unit and then the power application time is varied in units of the smallest period of time. This provides 
printing control at shade levels of 1 to 15. The inclusion of shade level 0 with no ink ejection allows printing 
control at 16 shade levels. The pseudo-halftoning of an input image signal can provide an image signal adapted for 
printing control at 16 shade levels from 0 to 15. 

[0106] ' In FIG. 23, the overlapping zone of the head units 232 and 233 is shown enlarged. The head units 232 
and 233 overlap with each other by twelve ending ink nozzles. The twelve ink nozzles A, B, C, D, E, F, G, H, I, J, K, 
and L at one end of the head unit 232 correspond to the Q number of ink nozzles, and the twelve ink nozzles I, k, j, 
h, g, f, e. d, c, b, and a at one end of the head unit 233 correspond to the Q number of ink nozzles. 
[0107] Here, four ink nozzles corresponding to the P number of nozzles that may produce a change in density 
differ between contiguous printing and non-contiguous printing; in the case of contiguous printing, the four ending 
ink nozzles of the head units and, in the case of non-contiguous printing, the first four ink nozzles of ink nozzles 
that make printing. For example, when the endmost ink nozzle 1 of the head unit 233 is set to the shade level 0, 
that is. makes no printing, the four ink nozzles that may produce a change in density are k. j, i, and h. On the 
other hand, when the ink nozzle I makes printing, the four ink nozzles that may produce a change in density are I. k. 
j, and i. 

[0108] The embodiment makes a decision of whether an input 16-shade image signal corresponds to the ink 
nozzles in the overlapping zone of the head units 232 and 233 and, if so, distributes that input image signal to the 
head units 232 and 233 so that each of the ink nozzles A through L of the head unit 232 and the corresponding one 
of the ink nozzles I through a of the head unit 233 eject ink to form one dot. Each of the ink nozzles other than 
the overlapping ink nozzles is individually controlled by the image signal as hitherto. 



impnme de Mimosa 



EP 0 968 832 A1 

[0109] FIG. 24 is a block diagram of a control circuit that implements such control. A 16-shade image signal is 
applied to a correction circuit 71 and a line direction (x) position signal is applied to the position signal 
decision circuit 42. The position signal decision circuit makes a decision of whether the input position signal 
represents the overlapping zone of the head units 232 and 233 and applies a control signal to the correction circuit 

I011 ° 3 ,.„ 1116 correction circuit 71 is composed, as shown in FIG. 25, of a lookup table (LUT) 711 a first switch 
circuit 712 that is used when no shading control is performed, and a second switch circuit 713 that'is used when 
shading control is performed. As shown in FIGS. 26A to 26C, the lookup table 711 comprises three tables 711a 
711b, and 711c which store information representing how an input shade in the range from 0 to 15 is converted to 
an output shade for each of the overlapping ink nozzles of the head units 232 and 233. 

10111] The table 71 1a shown in FIG. 26A is selected when the position in the paper feed direction y that the 
input paper feed direction position signal specifies is the (3n - 2)nd line (n = 1, 2, 3, ...) that is when the 

position signal specrf.es the first line, the fourth line, the seventh line The table 711b shown in FIG 26B 

L S D «rffi 0 C i e f c ^ n ^ he P ,°w? n in .L he PPer feed direction y that the input paper feed direction position signal 
specrfies is the (3n - 1)st line, that is. when the position signal specifies the second line, the fifth line the 
f'9 h ! h line The table 711c shown in FIG. 26C is selected when the position in the paperfeed director y thai 

XiSBiSft sixth ^JE5fR? n- specmes is 3n - ,h ,ine ' that is - When the p* 5 *™ sisnal speciffes 

[0112] • The first switch circuit 712 is of a change-over switch type and controlled by the control signal from 
the position signal decision circuit 42. When the position signal decision circuit 42 decides that the position 
signal represents other positions than the overlapping zone, the first switch circuit applies the 16-shade irnaqe 
signal to either the first shift register 43 corresponding to the head unit 232 or the second shift regfeteTT 
^Jifi^°cfJn 9 . t0 <he hS ^ d i n,t 233 ,° n . the othe r hand, when the position signal decision circuit decides that the 
Srol signal represents ,he overlapping zone, the first switch circuit is placed to the OFF position by the 

[0113] The second switch circuit 713 comprises two single-pole single-throw type ganged switches which are 
o^ Ln ne «?n US, rH Ur ^ d °V °[ ?^ bv the control signal from the P° s " ion signal decision circX 4 When fh 
£2 ?hf ,9 "l d w C ' SI °[ , l f ir ^ ,t t 2 . d f C,de 5 th ? ,he position signal ^presents other positions than the overlapping 
£2w« ?h ^ ^. Ch C,rCU ' IS ,Umed ° FF - 0n the other hand ' w "en the position signal decision circuit 42 
cfn ro. c innl. h . 6 % S *T S ' 9 " al : e P rese ? ts the overlapping zone, the second switch circuit is turned ON by the 

^r^rS^s&flX 1 ** S6C0nd ° UtPUtS ° f IO ° kUP tab ' e 711 t0 ^ and seco ^ sh « 
L 0 - 114l .u Th ? °" tput of the first shift register 43 is applied to the first driver circuit 45, which in turn 
S Zl^^f^* thS S6C0nd Sm r69iSter 44 is app,ted to tha s —o driver circuK 46.' 
[0115] In such a configuration, suppose that an image signal at the shade level 15 is applied throuah 20 
S onfo S f S iht h~H l? n L™ °7o°,L nk T "°^ es ' nclud i n9 and centered at the twelve ink nozzles in the overtopping 
m« J? r . 232 and 233 ' The 20 ,nk no2Zles are described as the first through twentieth ink nozzles 
IU116] First, on the first line, using the first through the fourth ink nozzle the head unit 232 alone makes 

Su^ta ^' \ R^hii S ^ itCh drC - Uit V} f u° P6r a,eC L.^ V the Con,ro1 signal from ,he PO si,ion si 9nal decision 
Si' .l de i ma 9 e signal to the first shift register 43. while the second switch circuit 713 is 

thenlnSS W '™ 9 ° ^ ,hrough the correction circuit 71 as « * «* 

«?hl ? L i With re ? Pe f t J? ,he frftn tnrou 9 h ,ne sixteenth ink nozzle, the head units 232 and 233 overlap with each 
frnm fh» *L^ll%% direction y. In the overlapping zone, ink ejection from the head unit 232 and ink ejection 

k rt'iSM V C u ntr ^ s, ^ nal from tne P° sltlon si 9na" decision circuit 42. In this case, the image signal 

7l?a 711 TLZrXTJ? h f ad ^?^ S 232 and 233 . through ,he use of the '°ok"P table 711. Which of the tabtes 
7 nV« «, 1 b and 71 1c to use for distribution is determined by the paper feed direction position signal 

fo th! ink nnZl^A ""Vn* l"l ? eleCted this ^ wnen ,he ^-shade image signal corresponds 
cutout Tor EfES H^ U9 a ?^° f ,he o ad ""'i 232 and the ink no2zles ' ,hrou 9h i of the head unit 233, thefirst 
SSfil l , n £ nOZZ,eS , A hr0U , gh D 18 a PP |ied t0 *"e first shift register 43 as an image signal at the shade 
Image s%nil at Inl SKIS? ' thr0U9h ' * aPP,bd t0 ,he —"d "shift Register 44 as an 

nnllfi k ^*^ eXt, t. Wh 5 n tha 1 „ 6 -shade image signal corresponds to the ink nozzle E of the head unit 232 and the ink 

Se stana al ^itoL^l^/^T ,hS ink ^ E is applied t0 the firet shift agister 43 as an 
»nhtor • • . Vel 14, wMe the ^"'"d 0Ut P ut for »he ink nozzle h is applied to the second shift 

nk no%^F of ?heTL S,9 n a ^ a ^ he f^^T* 1 |- ikewi ? e - w "en the 16-shade image si?na. correlponos to T 
is app£ I to ?he ^ shift ?L£l a J? ,he n022le - 9 ° the head unit 233 ' ,he first ou, P ut for »he ink nozzle F 
nk no^ e n ii»nn ifH?r^L 9,Ster J* 3 ui S ,mage s,ana] 3t ,he snade level 12. while the second output for the 
rni £ni 9 . % ap ? lK>(1 ,0 tne second shift register 44 as an image signal at the shade level 2. 
& nozzle f o^h^",^ ^; Sha , de r mage Si9na i corresponds to the ink nozzle G of the head unit 232 and the 
inK nozzle f of the head unit 233, th first output for the ink nozzle G is appli d to th first shift reoist r 43 

tmV^lfA^ at -' he Shad ! evel 14 ' while lhe s co "d output f r the ink^nozzl f fe appled t th^S 
shrft register 44 as an image signal at the shade level 1. Likewise, when the 16-shad image signal c rresplndllo 
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the ink nozzle H of the head unit 232 and the ink nozzle e of the head unit 233. the first output for the ink nozzle 
H is applied to the first shift register 43 as an image signal at the shade level 12, while the second output for 
the ink nozzle e is applied to the second shift register 44 as an image signal at the shade level 2. 
[0121] Likewise, when the 16-shade image signal corresponds to the ink nozzle, I of the head unit 232 and th 
ink nozzle d of the head unit 233. the first output for the ink nozzle I is applied to the first shift register 43 
5 as an image signal at the shade level 2, while the second output for the ink nozzle d is applied to the second shift 
register 44 as an image signal at the shade level 12. Likewise, when the 16-shade image signal corresponds to th 
ink nozzle J of the head unit 232 and the ink nozzle c of the head unit 233. the first output for the ink nozzle J 
is applied to the first shift register 43 as an image signal at the shade level 1. while the second output for th 
ink nozzle c is applied to the second shift register 44 as an image signal at the shade level 14. 
[01221 Likewise, when the 16-shade image signal corresponds to the ink nozzle K of the head unit 232 and the 
ink nozzle b of the head unit 233. the first output for the ink nozzle K is applied to the first shift register 43 
as an image signal at the shade level 2, while the second output for the ink nozzle b is applied to the second shift 
register 44 as an image signal at the shade level 12. Likewise, when the 16-shade image signal corresponds to the 
ink nozzle L of the head unit 232 and the ink nozzle a of the head unit 233. the first output for the ink nozzle L 
is applied to the first shift register 43 as an image signal at the shade level 1. while the second output for th 
15 ink nozzle a is applied to the second shift register 44 as an image signal at the shade level 14. 

[0123] For the seventeenth through the twentieth ink nozzle, the head unit 233 makes printing by itself. In 
this case, the first switch circuit 712 is switched by the control signal from the position signal decision circuit 
42 to send the 16-shade image signal to the second shift register 44, while the second switch circuit 713 is turned 
OFF. At this time, therefore, the input image signal passes through the correction circuit 71 as it is and then 
enters the second shift register 44. 
20 [0124] When the image signal for the first line has been fed into the first and second shift registers 43 and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and 233, respectively, 
thereby allowing ink to be ejected from each ink nozzle. Of course, since the head units 232 and 233 are offset with 
respect to each other in the y direction, the timing of ink ejection is adjusted so that printing is made as a line. 
Upon termination of printing of the first line, printing of the second line is commenced. 

[0125] To print the second line, the table 711b is selected. In this case, when the 16-shade image 
signal corresponds to the ink nozzles A and B of the head unit 232 and the ink nozzles I and k of the head unit 233, 
the first output for the ink nozzles A and B is applied to the first shift register 43 as an image signal at the 
shade level 15, while the second output for the ink nozzles I and k is applied to the second shift register 44 as an ^ 
image signal at the shade level 0. Likewise, when the 16-shade image signal corresponds to the ink nozzle C of the 
head unit 232 and the ink nozzle j of the head unit 233, the first output for the ink nozzle C is applied to the 
first shift register 43 as an image signal at the shade level 14, while the second output for the ink nozzle j is 
applied to the second shift register 44 as an image signal at the shade level 2. 
[0126] Likewise, when the 16-shade image signal corresponds to the ink nozzle D of the head unit 232 and th tiip 
ink nozzle i of the head unit 233, the first output for the ink nozzle D is applied to the first §hift register 43 
as an image signal at the shade level 12, while the second output for the ink nozzle i is applied to the second 
shift register 44 as an image signal at the shade level 2. 
35 [0127] Likewise, when the 16-shade image signal corresponds to the ink nozzle E of the head unit 232 and the :sty 
ink nozzle h of the head unit 233, the first output for the ink nozzle E is applied to the first shift register 43 
as an image signal at the shade level 14, while the second output for the ink nozzle h is applied to the second 
shift register 44 as an image signal at the shade level 1. Likewise, when the 16-shade image signal corresponds to 
the ink nozzle F of the head unit 232 and the ink nozzle g of the head unit 233, tKe first output for the ink nozzle 
g is applied to the first shift register 43 as an image signal at the shade level 12. while the second output for 
the ink nozzle g is applied to the second shift register 44 as an image signal at the shade level 2. 
[0128] Likewise, when the 16-shade image signal corresponds to the ink nozzle G of the head unit 232 and the 
ink nozzle f of the head unit 233. the first output for the ink nozzle G is applied to the first shift register 43 
as an image signal at the shade level 2. while the second output for the ink nozzle f is applied to the second shift 
register 44 as an image signal at the shade level 12. Likewise, when the 16-shade image signal corresponds to the 
45 ink nozzle H of the head unit 232 and the ink nozzle e of the head unit 233, the first output for the ink nozzle H 
is applied to the first shift register 43 as an image signal at the shade level 1, while the second output for the 
ink nozzle e is applied to the second shift register 44 as an image signal at the shade level 14. 
[0129] Likewise, when the 16-shade image signal corresponds to the ink nozzle I of the head unit 232 and the 
ink nozzle d of the head unit 233, the first output for the ink nozzle I is applied to the first shift register 43 
as an image signal at the shade level 2, while the second output for the ink nozzle d is applied to the second shift 
50 register 44 as an image signal at the shade level 12. Likewise, when the 16-shade image signal corresponds to the 
ink nozzle J of the head unit 232 and the ink nozzle c of the head unit 233. the first output for the ink nozzle J 
is applied to the first shift register 43 as an image signal at the shade level 1, while the second output for the 
ink nozzle c is applied to the second shift register 44 as an image signal at the shade level 14. 
[0130] Likewise, when the 16-shade image signal corr sponds to the ink nozzles ( K and L of the head unit 232 
and the ink nozzles b and a of the head unit 233, the first output for the ink nozzles K and L is applied to the 
first shift register 43 as an image signal at the shade level 0, while the second output f r the ink nozzles b and a 
is appli d to the sec nd shift r gister 44 as an image signal at the shade level 15. 

[0131] For the s v nteenth through the twentieth ink nozzle, the head unit 233 makes printing by itself. In 
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this case, the first switch circuit 712 is switched by the control signal from the position signal decision circuit 
42 to send the 16-shade image signal to the second shift register 44, while the second switch circuit 713 is turned 
OFF. At this time, therefore, the input image signal passes through the correction circuit 71 as it is and then 
enters the second shift register 44. 
* [0132] When the image signal for the first line has been fed into the first and second shift registers 43 and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and 233, respectively 
thereby allowing ink to be ejected from each ink nozzle. Upon termination of printing of the second line printing 
of the third line is commenced. ' 
[0133] To print the third line, the table 711c is selected. In this case, when the 16-shade image signal 
corresponds to the ink nozzle A of the head unit 232 and the ink nozzle I of the head unit 233, the first output for 

10 the ink nozzle A is applied to the first shift register 43 as an image signal at the shade level 14, while the 
second output for the ink nozzle I is applied to the second shift register 44 as an image signal at the shade level 1. 
[0134] Likewise, when the 16-shade image signal corresponds to the ink nozzle B of the head unit 232 and the 
ink nozzle k of the head unit 233, the first output for the ink nozzle B is applied to the first shift register 43 
as an image signal at the shade level 12, while the second output for the ink nozzle k is applied to the second 
shift register 44 as an image signal at the shade level 2. Likewise, when the 16-shade image signal corresponds to 

15 the ink nozzle C of the head unit 232 and the ink nozzle j of the head unit 233, the first output for the ink nozzle 
C is applied to the first shift register 43 as an image signal at the shade level 14, while the second output for 
the ink nozzle j is applied to the second shift register 44 as an image signal at the shade level 1. 
[0135] Likewise, when the 16-shade image signal corresponds to the ink nozzle D of the head unit 232 and the 
ink nozzle i of the head unit 233. the first output for the ink nozzle D is applied to the first shift register 43 

20 a tf n image signal at the shade ,evel 12 « while the second output for the ink nozzle i is applied to the second 
shift register 44 as an image signal at the shade level 2. Likewise, when the 16-shade image signal corresponds to 
the ink nozzle E of the head unit 232 and the ink nozzle h of the head unit 233, the first output for the ink nozzle 
E is applied to the first shift register 43 as an image signal at the shade level 2, while the second output for the 
ink nozzle h is applied to the second shift register 44 as an image signal at the shade level 12. 
[0136] Likewise, when the 16-shade image signal corresponds to the ink nozzle F of the head unit 232 and the 
25 ink nozzle g of the head unit 233, the first output for the ink nozzle F is applied to the first shift register 43 
as an image signal at the shade level 1, while the second output for the ink nozzle g is applied to the second shift 
register 44 as an image signal at the shade level 14. Likewise, when the 16-shade image signal corresponds t th 
ink nozzle G of the head unit 232 and the ink nozzle f of the head unit 233, the first output for the ink nozzle G 
is applied to the first shift register 43 as an image signal at the shade level 2, while the second output for the 
ink nozzle f is applied to the second shift register 44 as an image signal at the shade level 12. 
30 [0137] Likewise, when the 16-shade image signal corresponds to the ink nozzle H of the head unit 232 and the 
ink nozzle e of the head unit 233, the first output for the ink nozzle H is applied to the first shift register 43 
as an image signal at the shade level 1. while the second output for the ink nozzle e is applied to the second shift 
register 44 as an image signal at the shade level 14. Likewise, when the 16-shade image signal corresponds to the 
ink nozzles I through L of the head unit 232 and the ink nozzles d through a of the head unit 233, the first output 
for the ink nozzles I through L is applied to the first shift register 43 as an image signal at the shade lev I 0 
while the second output for the ink nozzles d through a is applied to the second shift register 44 as an image 
signal at the shade level 15. * 
[0138] For the seventeenth through the twentieth ink nozzle, the head unit 233 alone makes printing. In this 
case, the first switch circuit 712 is switched by the control signal from the position signal decision circuit 42 to 
send the 16-shade image signal to the second shift register 44, while the second switch circuit 713 is turned OFF 
40 At this time, therefore, the input image signal passes through the correction circuit 71 as it is and then enters 
the second shift register 44. . . ^ , 

[0139] - When the image signal for the third line has been fed into the first and second shift registers 43 and 
44 in this manner, the head units 232 and 233 are driven by the first and second driver circuits 45 and 46 
resoectively, thereby allowing ink to be ejected from each ink nozzle Upon termination of printing of the third 
line, printing of the fourth line is commenced. The processing for the fourth line remains unchanged from that for 
45 the first line. 

[0140] As described above, for the fifth through the sixteenth ink nozzle, the data in the table 711a are used 
for shade distribution in printing the (3n-2)nd line. The data in the table 711b are used for shade distribution in 
printing the (3n-1)st line. The data in the table 711a are used for shade distribution in printing the 3n-th line. 
The shades to be distributed between the head units by the tables 711a, 711b, and 711c are determined from the 
so P^viously examined amounts of ejected ink of the respective ink nozzles. FIG. 28 shows the distribution of shades 
between he head units 232 and 233 with respect to the first through twentieth ink nozzles for the first through 
twentieth lines. 

[0141] Such printing control causes the printing density in the overlapping zone of the head units 232 and 233 
to vary as shown in FIGS. 27A to 27C. That is, as in the third embodiment, the printing density varies with respect 
to the line direction x in such a way as to increase from dO to d2, then decrease to d2' to cancel out the increase, 
55 ^ 3ga,n t0 d2, and then d cr ase t0 dz - That is ' an increase and a decrease in printing density alternate so 

tha the av rag density becomes constant. In addition, th change from dO to d2 is smaller than the change from 
dO to d1 in the conventional technique shown in FIG. 30. FIG. 27A shows the change in printing density on the (3n- 
2)nd line, FIG. 27B shows the change in printing density on the (3n-1)st line, and FIG. 27C shows the change in 
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printing density on the 3n-th line. 

[0142] In addition, the point at which th printing density is increased r decreased is made to vary from line 
to line, i.e., in the paper fe d direction y perpendicular to the line direction x; thus, irregularities in density 
in the form of line that extend in the paper feed direction become difficult to be recognized by human eyes. As a 
result, the recording quality can be further improved. 
5 [0143] Although the reduction of irregularities in density in the overlapping zone of the head units 232 "and 
233 was described here, it goes without saying that exactly the same image signal processing can be applied to the 
overlapping zone of the head units 231 and 232 to reduce irregularities in density. 

[0144] Although the third embodiment was described as the lookup table comprising three tables selectively 
used for the (3n-2)nd line, the (3n-1)st line, and the 3n-th line, this is not restrictive. The values in these 

io tables are not restrictive, either. 

[0145] Although the embodiments of the present invention have been described as using ink jet heads for 
printing various shades by controlling the power application time and thereby varying the volume of ejected ink, 
this is not restrictive and so-called multidrop types of ink jet heads may be used which eject a plurality of 
droplets of ink of the same volume and control the number of the droplets of ink ejected onto paper. In addition, 
the 8-shade printing and the 16-shade printing are merely exemplary. 

15 [0146] Moreover, although the embodiments of the present invention have been described as constructing one 
ink jet head from three head units, this is not restrictive. Two or more than three head units may be used to form 
one ink jet head. 

[0147] Furthermore, although the embodiments of the present invention have been described as reducing 
irregularities in density resulting from increased volume of ejected ink from ending ink chambers of a head unit, 
20 the inventive printing control can readily be can used to make provision for irregularities in density resulting 
from reduced volume of ejected ink from ending ink chambers of a head unit. 

Claims 

1. An ink jet recording apparatus characterized by comprising: 

25 an ink jet head (23) formed from a plurality of head units each having a large number of ink nozzles 

arranged in a line, the head units being arranged such that they are substantially parallel to one another 
in the direction of arrangement of their ink nozzles and, in the direction in which a recording medium 
moves, every two adjacent head units overlap with each other by a number Q of ink nozzles including a 
number P (q > p i= <j) of ending ink nozzles that may cause a change in printing density; and 

30 

drive means (41 to 46) responsive to an input image signal for driving the ink jet head to cause selectively 
the ink nozzles to eject ink onto the recording medium for printing while moving the recording medium in a 
direction perpendicular to the line direction in which the ink nozzles of the respective head units are 
arranged, 

35 the driving, means (41 to 46) controlling the ink jet head so that one dot is formed by ink ejection from 

each ink nozzle of one head unit in the overlapping zone of the adjacent head units and the corresponding 
one of the other head unit and the ratio in the amount of ejected ink of one to the other of overlapping ink 
nozzles is made variable so that the average printing density in the overlapping zone of the head units 
varies at a fixed rate. 

40 

2. The ink jet recording apparatus according to claim 1, characterized in that the ratio in the amount of ejected 
ink of one to the other of overlapping ink nozzles is made variable in the line direction. 

?. The ink jet recording apparatus according to claim 1, charaoterizad in that the amount of ejected ink from the 
45 one of the overlapping ink nozzles is smaller as it is closer to the end of its corresponding head unit. 

4, The ink jet recording apparatus according to claim 1, characterized in that the ratio in the amount of ejected 
ink of one to the other of overlapping ink nozzles is made variable in the direction perpendicular to the line 
direction. 

50 5. The ink jet recording apparatus according to claim 1, characterized in that, in the direction perpendicular to 
the line direction, the amount of ejected ink of one of the overlapping ink nozzles that is closer to the end of 
its corresponding head than the other of the overlapping ink nozzles is close to the end of its corresponding 
head unit is varied in the increasing direction over a predetermined number of successive lines, while the 
amount of ejected ink of the other of the overlapping ink nozzles is varied in the decreasing direction over the 
predetermined number of successive lines. 
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6. The Inkjet recording apparatus according to claim 1, characterized in that the drive means includes: 

decision means (42) for deciding whether a line direction position representing signal represents the 
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the head units is mad substantially equal to the average density in the non-overlapping zones. 



it The ink iat recordina apparatus according to claim 12, characterized in that the amounts of ejected ink from 
ovXSinJ Mnk^oSsIn [he overlapping zone of the head units are made variable so that their total 
5 alternates increase and decrease in the line direction. 

14 The ink jet recording apparatus according to claim 12. characterized in that the amounts of ejected ink from 
overilpping ink nozzles in the overlapping zone of the head units are made vanable so that their total 
a»e n*e increase ™nd decrease in the line direction, and the first position for the total of amounts of 
eject™ link from overlapping ink nozzles to alternate increase and decrease in the l.ne direct.on is vaned ,n 
10 the direction perpendicular to the line direction. 

1 5. The ink jet recording apparatus according to claim 1 2. characterized in that the drive means includes: 

decision means (42) for deciding whether a line direction position representing signal represents the 
overlapping zone of first and second adjacent head units; 



15 



20 



25 



30 



a third table (611) for storing first and second output shade levels of overlapping ink nozzles in 
the overlapping zone of the first and second head units, the first and second output shade levels being 
defined with respect to the line direction for each of shade levels of the input image signal; 

first and second shift registers (43. 44) connected with the third table when the line direction position 
signal represents the overlapping zone of the first and second head units or ^ving fret and ^second output 
levels corresponding to a shade level of the input image signal set, respectively, from the third table, and 

first and second driver circuits (45, 46) for driving the first and second head units, respectively, in 
accordance with the first and second output levels set in the first and second shift registers. 

16 The ink jet recording apparatus according to claim 15, characterized in that the shade levels for overlapping 
ink nozzles in the third table are set variable so that their total increase and decrease in the l.ne direct.on. 

17. The ink jet recording apparatus according to claim 12, characterized in that the drive means includes: 

decision means (42) for deciding whether a line direction position representing signal represents the 
overlapping zone of first and second adjacent head units; 

a fourth table (711) for storing first and second output shade levels of overlapping ink nozzles in th 
overlapping zone of the first and second head units, the first and second output shade levels being defined 
35 with respect to the line direction in which the ink nozzles are arranged and the paper feed direction 

perpendicular to the line direction for each of shade levels of the input image signal; 

first and second shift registers (43. 44) connected with the fourth table when the line direction position 
signal represents the overlapping zone of the first and second head units for having first and second output 
40 levels corresponding to a shade level of the input image signal set. respectively, from the fourth table; and 

first and second driver circuits (45, 46) for driving the first and second head units, respectively, in 
accordance with the first and second output levels set in the first and second shift registers. 

« " is. The ink jet recording apparatus according to claim 17, characterized in that the shade levels of overlapping 
ink nozzles are set variable so that their total alternates increase and decrease in the line direction, and he 
first position for the total of shade levels of overlapping ink nozzles to alternate increase and decrease in the 
line direction is varied in the direction perpendicular to the line direction. 
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